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Abstract 
J’-Fe4N film was epitaxially grown on a SrTiO3(001) substrate by molecular beam epitaxy using solid source Fe and 
nitrogen radical beam by electron cyclotron resonance plasma. Under the similar growth condition, we tried to grow 
J’-Fe4N films epitaxially on a Si(100) substrate, because the lattice mismatch is smaller on Si(100) (1.3%) than that 
on SrTiO3(001) (3%). It was found from x-ray diffraction  measurements that H-Fe3N films were formed instead of 
J’-Fe4N, differently from our prediction. 
© 2009 Published by Elsevier B.V. 
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1. Introduction 
Iron nitride films have attracted much attention for applications in magnetic devices because of its excellent 
magnetic properties. Among iron nitrides, J’-Fe4N is especially one of the remarkable magnetic materials because it 
is theoretically predicted to be a highly spin-polarized material [1]. We have experimentally shown that the spin 
polarization of J’-Fe4N is approximately 0.59 at 7.8 K. This value is distinctly larger than that of D-Fe (P=0.49 at 7.8 
K) [2].   
In the past few years, single phase J’-Fe4N thin films were grown on several kinds of substrates such as Si(100), 
NaCl(100), Cu(100), MgO(100) and SrTiO3(100). It has been proved that the saturation magnetization of J’-Fe4N
thin films depends on lattice mismatch [3]. We have succeeded the epitaxial growth of J’-Fe4N films on SrTiO3,
where the lattice mismatch is approximately 3%.  Therefore, we next aim to grow J’-Fe4N films on Si(100), because 
the lattice mismatch between Si and J’-Fe4N is 1.3%, smaller  than in the case of J’-Fe4N on SrTiO3. There have 
been several reports on the deposition of J’-Fe4N films on Si(100) substrates by dc-magnetron sputtering [4]. The 
saturation magnetization was reported to be 7.78 PB at room temperature [5]. Very recently, the value of 11.6 PB was 
reported for J’-Fe4N films grown on lattice-matched LaAlO3(100) substrates [3]. The difference in saturation 
magnetization is considered to be due to the difference in strain in the J’-Fe4N films. However, there have been no 
reports thus far on the epitaxial growth of J’-Fe4N on Si(100).  
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In this paper, we attempted to grow J’-Fe4N films 
on different substrates, that is, SrTiO3(100) and 
Si(100) by molecular beam epitaxy (MBE) using 
solid source Fe. 
2. Experiments 
(1) Growth of J’-Fe4N by solid source Fe on 
SrTiO3(100)  
Growth of J’-Fe4N films on SrTiO3(100) by dc 
magnetron sputtering has been already reported [3,6]. But, we first investigated to grow J’-Fe4N films on 
SrTiO3(100) by MBE. Prior to the deposition, the SrTiO3(100) substrates were prepared by HF solution. In order to 
get an atomically flat surface, annealing was carried out at 900 ˚C under the oxygen pressure of 5 × 10-6 Torr. The 
Fe was supplied for 2 h by using solid source Fe heated at 1220 ˚C. The nitrogen radical beam was simultaneously 
supplied by electron cyclotron resonance (ECR) plasma. The ECR supply power was kept constant. The film was 
formed at a substrate temperature of 450 ˚C.
 (2) Growth of J’-Fe4N by solid source Fe on Si(001)
In the second experiment, we tried to grow J’-Fe4N films on Si(100) by MBE using solid source Fe and NH3
sources for 1-3 h. Prior to the deposition, Si(100) substrates were cleaned by HF solution. The Fe was deposited by 
high-temperature Knudsen Cell heated at 1200˚C and activated N was supplied by ECR-NH3
*. ECR supply power 
was kept constant. In order to avoid the formations of Fe-Si silicides as a result of interaction of Fe with the Si 
substrate, the growth temperature was set at 300 ˚C. The crystallinity of the grown layers was characterized by T-2T
X-ray diffraction (XRD) or 2T XRD in case of necessity and reflection high-energy electron diffraction (RHEED). 
The morphology of grown films was scanned by atomic force microscopy (AFM). 
3. Results and discussion 
Figures 1(a) and 1(b) show the RHEED patterns 
for J’-Fe4N grown on SrTiO3(100) along the [001] 
and [011] azimuths, respectively. Both patterns show 
the formation of J’-Fe4N. Triangle-shaped spots are 
due to the formation of facetsofJ’-Fe4N. Figs. 2(a) 
and 2(b) show the T-2T XRD patterns and Z-scan
XRD pattern, respectively, for J’-Fe4N on the 
SrTiO3(100) substrate. An intense diffraction peak at 
46.5˚ from J’-Fe4N(200) and the other small peak 
from J’-Fe4N(400) was observed, as shown in Fig. 
2(a). As far as the Z-scan XRD is concerned, there 
exists only one peak of J’-Fe4N(200) as shown in Fig. 
2(b), showing the epitaxial growth of J’-Fe4N on the 
SrTiO3(100) substrate.
     Next, we discuss the fabrication of J’-Fe4N films 
on Si(100). The diffraction peak of only Fe3N(2-11) 
plane was detected in the T-2T XRD and 2T XRD 
patterns, as shown in Figs. 3(a) and 3(b), respectively, 
for different growth durations for samples 1(1 h), 2(2 
h), and 3(3 h). This means that H-Fe3N was rarely 
formed to align with in-plane of the substrate. In 
addition, single-phase of J’-Fe4N was not detected in 
Fig. 1 RHEED patterns of J’-Fe4N films grown at 450 ˚C on 
SrTiO3(100), observed along the (a) [011] and (b) [011] azimuths. 
(a) (b)
Fig. 2 (a) ș-2ș XRD pattern and (b) Z-scan XRD pattern 
(2T=46.5˚) for J’-Fe4N grown at 450˚C
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the XRD in spite of the smaller lattice mismatch 
between Fe4N and Si than that between H-Fe3N and 
Si. Even at low temperature of, for instance 200 ˚C,
D-FeSi2 was also formed due to the reaction of Fe 
with the Si substrate. Therefore, we speculate that 
very small volumes of Fe-Si silicides were 
probably formed on the Si surface, preventing the 
formation of J’-Fe4N. Also, we should note that the 
nitrogen supply should be decreased and the Fe 
supply should be increased. 
4. Conclusion 
We have succeeded the epitaxial growth of 
Fe4N films on SrTiO3(100) by MBE using solid 
source Fe. In case of Si(100) substrates, however, 
H-Fe3N was formed instead of J’-Fe4N even though 
the lattice mismatch between H-Fe3N and Si is 
larger. 
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Fig. 3 (a) T-2T XRD patterns and (b) 2T XRD patterns for Fe-N 
compounds directly grown on Si(001) using solid source Fe. 
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